Role of glucagon on fatty liver production in birds. Am a decrease of plasma TGL followed by an elevation with a peak 2 hr after the end of glucagon infusion. These effects were not observed in hepatectomized geese (9). In the normal geese there was no correlation between the elevations of plasma FFA and TGL produced by infusing various doses of glucagon (19). These observations suggested the possibility that glucagon interferes with the ability of the liver to release TGL into the circulation. Accordingly, the production of fatty liver by glucagon could be due to the combined effects of this hormone on FFA mobilization and on the release of TGL by the liver. The experiments reported here were designed to test the hypothesis that glucagon interferes with the liver's ability to return to the circulation the TGL formed from the plasma FFA. These experirnents offer a comparison of the effects on the liver and plasma TGL of infusions of either glucagon or oleic acid maintaining similar levels of plasma FFA. Moreover, since glucagon causes elevation of blood sugar (18) and administration of glucose decreases plasma TGL levels in fasting rats and men (2, 5, 2 1, 36, 42), the effect of infusing glucose on the plasma TGL of geese receiving oleic acid infusions was also tested.
METHODS
Adult domestic geese (males and nonlaying females) and male mallard ducks (average weights 5.0 and 1.0 kg, respectively) were used. They were housed, fed, and anesthetized as previously described (19). After anesthesia one or two catheters were inserted in the wing veins for the infusions. Another catheter was inserted in a wing artery for removal of blood samples. were prepared immediately before use. Infusion rates were 3.06 ml/hr for the geese and 1.24 ml/hr for the ducks.
Oleic acid was infused as an emulsion using Na oleate and gelatin as the emulsifier and stabilizer. The ernulsion was prepared by dissolving 1.45 g NaCl and 2.0 g of gelatin (K and K Laboratories, Inc.) in 120 ml of distilled water at 75 C. The solution was placed in the microattachrnent of a Waring Blendor with 52 ml of 0.2 M Na oleate. USP oleic acid (19 g) was then added while mixing at low speed for 3-4 min. Final dispersion was achieved by mixing at high speed for 3-4 more minutes. The emulsion was then transferred to a beaker adding saline to adjust the concentration to that needed, taking into account the weight of the animal and the infusion rate. The volumes infused were 22.9 ml/hr for the geese and 5.82 ml/hr for the ducks. pH of the emulsion was 6.1-6.2. The emulsion has been tested in a number of animals in this laboratory.
Birds tolerated infusion rates up to 4.0 mEq/kg per hr of oleic acid for 2 hr with minimal or no hemolysis. Upon mixing with plasma the turbidity of the emulsion disappears, presumably by binding of the fatty acid to albumin.
The plasma separated from arterial blood samples taken during the infusion of the emulsion was transparent except toward the end when there was a marked elevation of plasma TGL. A plateau of the fatty acid concentration measured by Dole's method was achieved after the first 15-30 min of infusion, and it was possible to * maintain a wide range of plasma fatty acid levels by changing the infusion rate. Plasma fatty acid concentration decreases sharply upon discontinuing the infusion. The constancy of fatty acid concentration throughout the infusion period indicates that the infused fatty acid is removed from the blood at the same rate as infused. Tests of the utilization of the infused oleic acid were made in geese by comparing the rate of disappearance of oleic acid-14C injected as emulsion and as albumin complex.
The same geese were used for the two tests. The 1112 was 1.6 min for both forms of administration. The incorporation of the fatty acid into the plasma TGL was tested by determining the radioactivity of the plasma TGL, after separation on a column of Florisil. The peak of radioactivity in the TGL fraction occurred at 20 min after injection, both when the oleic acid-% was injected as emulsion and as the albumin complex. These observations, and the results reported by Bezman-Tarcher (4) with intravenous infusion of an emulsion of oleic acid, indicate that the infused fatty acids are utilized in substantially the same way as the endogenous FFA.
The effects of infusing glucagon and studied in three groups of geese (five geese geese of the first group received glucagon oleic acid were per group). The 
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and oleic acid maintained comparable elevations of plasma FFA throughout infusion. At 2 hr of infusion FFA levels were 1.39 mEq/liter (SE + 0.08, P < 0.01) and 1.18 mEq/liter (SE + 0.13, P < 0.01) above the corresponding preinfusion levels for the geese receiving glucagon and oleic acid, respectively.
The geese receiving oleic acid followed by glucagon showed at 1 hr of infusing oleic acid alone an elevation of FFA of 1. FFA showed a further rise of 0.33 mEq/liter (SE & 0.05, P < 0.01).
Plasma TGL rose slowly in the geese infused with glucagon alone. The highest level reached (30 min after end of infusion) was 3 1 mg/lOO ml (SE =t 9.1) above preinfusion. This elevation was not significant (P = 0.11). In contrast, the geese receiving oleic acid alone showed at the end of infusion a significant elevation of plasma TGL (89 mg/ 100 ml, SE Jz 19.3, P = 0.0 1). Upon discontinuing the infusion of oleic acid the plasma TGL decreased rapidly. In the geese receiving oleic acid and glucagon, plasma TGL rose significantly during the 1st hr of infusion with oleic acid alone. The mean elevation above the preinfusion level at 1 hr of infusion was 56 mg/lOO ml (SE & 10.5, P < 0.01). When infusion of glucagon was added to that of oleic acid, a sharp decrease of plasma TGL was observed. The mean decrease at the end of glucagon infusion was 23 mg/lOO ml (SE + 1.9, P < 0.01) below the value at 1 hr.
Blood sugar rose markedly in the geese infused with glucagon. Mean elevation at end of infusion was 187 mg/lOO ml (SE Z!Z 18.2, P < 0.01). Infusion of oleic acid, on the other hand, caused a decrease of blood sugar. The lowest level (90 min of infusion of oleic acid) was 20 mg/ 100 ml (SE =t 9.1, P = 0.09) below the preinfusion value. The geese of the third group showed also a decrease of blood sugar during the 1st hr of infusing oleic acid alone. Mean decrease at 1 hr was 24 mg/lOO ml (SE & 3.0, P < 0.01). Upon infusing glucagon, blood sugar rose to a level 10 1 mg/ 100 ml above that before starting oleic acid (SE 3~ 26.5, P = 0.02).
A positive correlation was found in the geese infused with oleic acid, between the elevations of plasma FFA and TGL above their corresponding preinfusion levels. Using the values for 20 geese at 1 hr of infusion of oleic acid alone, the correlation coefficient was r = +0.695 (P < 0.01). A higher correlation (r = +0.921, P < 0.01) was found for the values of five geese at 2 hr of oleic acid infusion. No significant correlation was found between the elevations of FFA and TGL at 2 hr of glucagon infusion.
No significant changes of liver phospholipids or total cholesterol were caused by any of the infusions (Table  1) . Liver TGL, however, showed a marked increase in the geese infused with glucagon for 2 hr. Infusion of oleic acid alone caused no increase of liver TGL, but infusion of oleic acid plus glucagon caused an elevation of liver TGL, smaller than that observed in the geese infused with glucagon alone.
The effect of infusing glucose and oleic acid is shown in Fig. 2 . Glucose was given intravenously at the dose of 225 mg/kg, followed by the infusion, for 30 min, of 25 mg/k,g per min. The FFA levels were comparable to those observed in the geese infused with oleic acid alone. Plasma OYA, PRIGGE, SWENSON, AND GRANDE TGL showed a mean elevation of 184 mg/lOO ml (SE 31 23.2, P < O.Ol), above the mean preinfusion level at 2 hr of infusion. This elevation is higher by 95 mg/ 100 ml (SE =t 29.6) than that observed at 2 hr of infusion with oleic acid alone (P < 0.01, t test for nonpaired variates). Infusions of oleic acid were also made in anesthetized male mallard ducks. These birds required the infusion of 4.0 mEq of oleic acid per kilogram per hour in order to maintain an elevation of plasma FFA levels similar to that produced by the infusion of 0.5 pg/kg per rnin of glucagon. Mean values for five ducks are presented in Table 2 .
The changes of plasma FFA, TGL, and blood sugar are comparable to those reported for the geese. The analysis of the liver lipids is presented in Table 3 . The infusion of oleic acid caused a small decrease of phospholipids and total cholesterol but no significant change of liver TGL.
DISCUSSION
The experiments in geese show that infusions of glucagon and of oleic acid maintaining similar plasma FFA levels and of equal duration have different effects on plasma and liver TGL. Glucagon caused a moderate, nonsignificant elevation of plasma TGL and marked deposition of TGL in the liver; oleic acid caused a marked elevation of plasma TGL but no deposition of TGL in the liver. Comparable results were obtained with ducks. These animals, as previously reported (19), deposited TGL in the liver when infused with glucagon (O-5 /%/kg p er min for 2 hr), but not when infused for an equal time with oleic acid, as shown in Table  3 . The elevation of plasma FFA above the preinfusion level produced by oleic acid infusion was identical to that produced by the infusion of glucagon (19). Our results demonstrate therefore that infusion of oleic acid does not induce deposition of TGL in the liver of geese and ducks. This is in contrast with the accumulation of TGL observed in the rat liver perfused with linoleic and palmitic acids (3 1) and with our unpublished observations in dogs. The latter animals developed a deposit of TGL in the liver when receiving infusions of oleic acid similar to those given to the geese.
In the geese and ducks plasma TGL rose continuously during oleic acid infusion and decreased sharply upon discontinuing the infusion. Our data show a significant correlation between the elevations of plasma FFA and TGL caused by the infusion of oleic acid in geese. A correlation between the increment of FFA and plasma TGL concentration was noted by Nestel (30) in men treated with norepinephrine.
These observations and the lack of elevation of liver TGL at the end of the infusion of oleic acid indicate that the avian liver is capable of increasing the release of TGL into the blood to match the increased pro- No decrease of plasma TGL was produced in geese when glucose was infused during the infusion of oleic acid (Fig. 2) . Consequently, the decrease of plasma TGL observed in geese infused with oleic acid when glucagon infusion was added cannot be explained by the elevation of blood sugar produced by glucagon. There was, actually, a greater elevation of plasma TGL in the geese infused with oleic acid and glucose than in those infused only with oleic acid, suggesting that both the formation of TGL by the liver and their release into the circulation were enhanced. This result is in contrast with the decrease of plasma TGL observed by various authors (2, 5, 2 1, 33, 36, 42) after acute administration of glucose. Since administration of glucose lowers plasma FFA, the decrease of plasma TGL has been considered as a consequence of the lack of available precursor 
